Zeolites occur in nature in specific types of rocks, mostly of volcanic origin. Some studies have proved that zeolite added as a dietary supplement in poultry results in weight gain and improves digestion because zeolites slow down the passage rate of digesta through the digestive tract and controls the release of nutrients in the small intestine. The aim of this study was to investigate the effects of different levels of zeolite on intestinal morphometry in female broiler chickens. One-day-old Ross 308 broilers were assigned randomly into 3 groups, with 30 birds per treatment. The 3 dietary treatments were: basal diet only (control group), basal diet + 2% zeolite, and basal diet + 3% zeolite. The broiler females were randomly selected from each group, slaughtered samples from duodenum, jejunum /proximal, middle, distal/ and ileum were sampled for histological characteristics at the 40 d of the study. The broilers fed 2% of zeolite were observed to have a tendency towards increased villus height, villus width, villus perimeter, villus section area, and crypt depth throughout the distal regions of small intestine and ileum. Supplementation with 3% of zeolite was associated with a greater villus height, villus width, villus perimeter, villus section area, villus crypts, and mucosa thickness in jejunum and ileum mucosa compared with those same areas in the control. The results suggest that dietary supplementation of zeolite increases intestinal morphology parameters in the gastrointestinal tract of female broiler chickens that improved growth performance.
processes of exchange, absorption, diffusion, dehydration, reversible dehydration, and catalysis [1, 2] . As an absorbent, zeolite eliminates a number of toxic substances and acts as a detoxicant, maintaining ion balance in the gastrointestinal tract, increasing nutrient conversion, and reducing oxidative stress [3] . Zeolite incorporated into the diet has the ability to reduce the deleterious effects of aflatoxin on broiler chickens. Studies have revealed that zeolite is able to absorb damaging toxins that can potentially reduce the growth of animals [4] ; it affects gut morphology, decreases pH, and lowers pathogenic bacteria counts, which suggests that intestinal health can be improved by its use [5, 6] . Zeolite plays a significant role in veterinary medicine, both in the prophylaxis and treatment of various non-infectious diseases [6, 7] . Another significant feature of zeolite is its impact on the regulation of the immune system [8] . Zeolite improves performance in rats, lambs, pigs, broilers, and laying hens [9] [10] [11] [12] , and it deodorizes animal litter [13] . The presence of zeolite facilitates the uptake of nutrients in the diet of swine, cattle, and poultry. Ly et al. [14] reported that the supplementation of zeolite in diets results in an increase of body weight and an improvement in the feed conversion ratio (FCR) of the animals.
Zeolites do not substitute for other nutrients, but they supply a number of macro-and microelements. It has been shown that dietary supplementation with zeolite has positive effects on food intake, weight gain, growth rate, egg production, egg weight, and shell thickness [10, [15] [16] [17] . The beneficial effects of the addition of zeolite to animal rations should be ascribed to the facilitation of digestion by slowing the passage of digested feed through the gastrointestinal tract [10] . [6] showed that zeolite increases intestinal length, weight and gut digestive enzyme activity as well as improving intestinal morphology. Zeolite has a beneficial effect on feed components, since it improves energy and protein retention as well as nutrient absorption in the digestive tract, allowing for better results from other supplements [4] [5] [6] . The morphological changes of the intestinal villi are dependent on the presence of digested nutrients in the small intestinal lumen. Zeolite contributed to animals generally growing faster and reducing the number and severity of intestinal diseases when used as a dietary supplement in poultry [7] .
In this research, were observed for the first time the effect of Transcarpathian zeolite on the morphology of the small intestine in poultry. The aim of this study is to demonstrate the influence of Transcarpathian zeolite dietary supplementation on the intestinal morphology of female broiler chickens.
MATERIALS AND METHODS

Animals and Feeding
The experimental procedures used in this study were approved by The 2nd Local Ethics Committee on Animal Experimentation in Lublin in Resolution No 15/2014 and performed in accordance with the Guiding Principles for the Care and Use of Animals in Research. The one-day-old broiler chickens (Ross 308) were assigned randomly into 3 groups with 30 birds per treatment. The 3 dietary treatments were: basal diet only (control group), basal diet + 2% zeolite, and basal diet + 3% zeolite. All of the birds were fed with a starter diet from d 1 to 14, followed by a grower I diet from d 15 to 24, grower II diet from d 25 to 35, and a finisher diet from d 36 to 40 ( Table 1 ). The experiment was conducted in a designated area of a commercial poultry house. Birds were kept in 3 identical pens (2.5 × 1.5 × 1.5 m), which were constructed during technical break. Each treatment had 3 replicates with 10 birds per cage. The initial temperature of 32
• C was gradually reduced according to the age of the birds, reaching 20
• C at the end of the experiment. A continuous lighting program was provided during the experiment. The zeolite grains (generously supplied by Andalusia Company, Poland) were 0.2 to 0.5 mm in size and contained at least 87% clinoptilolite as the active substance. (Table 2) .
The birds had no developmental disorders or detectable diseases that may have caused any problems in the histological architecture of the gastrointestinal tract. At the end of the experimental period, 10 female broiler chickens with similar body weight from each group were chosen and killed by cervical dislocation. Whole-thickness samples of the duodenum, jejunum, and ileum were fixed in a mixture of 0.5 M phosphate buffered saline (pH 7.6 was removed for morphometric analysis and tissue sampling.
Preparation of the Histological Samples
Whole-thickness 1.5 cm segments of the midpoint of the duodenum, the proximal (25%), mid (50%) and distal (75%) part of jejunum, and the midpoint between Meckel's diverticulum and the ileo-cecal junction (ileum) were taken from the intestine. Next, the samples were moved to 4% buffered formalin and the surplus fixative was removed with running water. Paraffin was used to prepare the histological specimens. The intestine samples were immediately fixed in fresh 4% buffered formaldehyde, dehydrated in growing concentrations of ethyl alcohol, cleared in xylene, and embedded in paraplast (SigmaAldrich, St. Louis, MO). The tissue sections were then generally cut at a width of approximately 5 μm for paraffin blocks, collected onto uncoated glass slides, and stained with Delafield's hematoxylin, counterstained with eosin (H&E) and closed with the use of DPX (Sigma-Aldrich). The samples were analyzed morphologically and photographed under a Leica DMI6000 B light microscope equipped with a Leica DFC450C digital camera (Leica Camera AG, Wetzlar, Germany). The whole morphometric parameters were determined using image processing software and analyzed by the morphometric system Las V4.4 (Leica Camera AG).
Morphometric Analysis
For the morphometric analysis, measurements were made of the intestinal villi and Treatment groups: Control (basal diet only), 2% (basal diet + 2% zeolite), 3% (basal diet + 3% zeolite). intestinal crypts from 5 parts of the small intestine (duodenum, jejunum /prox, mid, dist/ and ileum) from the female chickens in the 3 study groups. The following parameters were estimated: the height of the villus (VH), the width of the villus (VW), villus section area (VSA) and villus perimeter (girth of villi) (VP), number of villi per 1 cm of the mucous membrane (VN), number of crypts per 1 cm of the mucous membrane (CN) under magnification 10×, the depth of the crypt (CD), and the thickness of the muscular layer (MT) (from the villus apex to the intestinal submucosa) under magnification 40×. From this, we established ratios of villus height:crypth depth (VH/CD) and ratios of villus height: villus width (VH/VW).
Measurement of Villus Height
The villi having a lamina propria were randomly selected from each transverse section. The villus height was measured from the villus tip to the bottom, not including the intestinal crypt. A total of 25 villi were counted from different sections in each female broiler. An average of these 25 villi was expressed as the mean villus height for each bird. Finally, the 10 mean villus heights from 10 birds were expressed as a mean villus height for one treatment group [18] .
Measurement of Villus Area
The width of the villus was measured at the basal and apical parts, and 2 villi were selected from each section. The width of 25 villi were measured from different sections in each bird. The apparent villus area was calculated from the villus height, basal width and apical width [19, 20] . A total of 25 calculations of the villus area were made for each bird. The average of these was expressed as the mean for each bird. Finally, the means from the 10 birds were expressed as the mean villus area for one group.
Measurement of Villus Height and Area
Two villi having a lamina propria were chosen in one section. The villus length was measured from the villus tip to the bottom, not including the intestinal crypt. A total of 25 villi were counted from different sections in each bird. An average of these 25 villi were expressed as the mean villus height for bird. Finally, the means villus heights from 10 birds were expressed as the mean villus height for one group. On the villus area, the villus width was also measured at the basal and apical parts of the same villi. The villus area was calculated from the villus height, basal width, and apical width according to Iji et al. [21] . The mean villus areas from 8 birds were expressed as the mean villus area for one treatment group. The whole morphometric parameters were performed automatically under a light microscope (Leica DM6000 B; Leica Camera AG). Forty measurements per animal were randomly made by a blind observer for each variable in each segment using the Leica LAS V4.4 Interactive Measurement Module. The digital images were captured with a high-resolution camera Leica DFC450C coupled to a light microscope (Leica DM6000 B) using LAS 4.4 Core software. In order to obtain valuable data, we evaluated the variation coefficients (SD/mean); on the basis of which we sampled each portion of the intestine in each animal according to the following protocol: at least 25 villi for measurement of their height and at least 50 for measurement of their width. The mean values of each measured parameter for each portion of the intestine in each animal were evaluated and entered as raw data in the database.
Statistical Analysis
Data are expressed as their means ± standard deviation (SD). One-way parametric analysis of variance (ANOVA followed by the TukeyKramer post-test were used to test statistical differences between the animal groups (InStat R v.3.06, GraphPad Software Inc., USA). The level of significant was (P ≤ 0.05) in all statistical analysis.
RESULTS AND DISCUSSION
In the present study, the result presented in Table 2 shows that adding 2% and 3% Zeolite to the broiler diet produced tendency to increase feed consumption and final body weight of the experimental groups. No effects of diet on mortality were detected in the present study. These findings suggested that further research regarding Zeolite as a feed additive is required. Numerous reports indicated that Zeolite is harmless, by including Zeolite into mixed feed; it is well tolerated by the animals and improves the production characteristics of broilers [1] .
The measurements of the tunica mucosa showed that a significant increase was observed in the morphometric parameters analyzed in the mid and distal jejunum and ileum.
In the mid and distal jejunum and ileum, we observed an increase in villus height (VH), villus width (VW), number of villi calculated per 1 cm of the mucous membrane (VN), villus perimeter (VP), villus section area (VSA), crypt depth (CD), number of crypts per 1 cm of the mucous membrane (CN), and mucosa thickness (MT) in dietary supplementation of 3% zeolite when compared to the control (Tables 5-7) . We observed an increase in the morphometric parameters (VH, VW, VN, VP, VSA, CD, CN and MT) in the distal jejunum and ileum in female broilers that received dietary supplementation of 2% of zeolite in comparison to the control group (Tables 6 and 7) . A significant decrease was observed in villus height, villus weight, and villus section area in the mucosa of the duodenum in female broilers who received dietary supplementation of 3% of zeolite. We observed a decrease in the all of the morphometric parameters analyzed compared to control in the proximal jejunum in both experimental groups (Table 4) . Zeolites are used in animal nutrition for a number of beneficial effects. This procedure provides animals with better utilization of nutrients from feed and positive effects on intestinal microflora and the mechanism of digestion [5] . Due to their properties, zeolites in feed participate in many biochemical processes including exchange, adsorption, dehydration, or rehydration [17] . The positive effect of zeolite on performance depends on the type of zeolite used, its purity, physical or chemical characteristics and its concentration in the diet. Zeolite is useful as a feed additive; as it has been demonstrated to have a positive effect on the metabolic utilization of nitrogen in poultry and pigs [6, 21] . Zeolites have affected the utilization of biologically active substances such as vitamins, trace elements, and other specific-action substances, and thus influence indicators of nutrient metabolism [3, 6] . Only a few authors have concluded that the effects of a diet supplemented with zeolites were negligible on growth performance of broilers [3, 6] . It is worth noting that supplementation of the diet with zeolite had no adverse effects on small intestinal morphology in the experimental birds. Some researchers use a supplementation poultry diet of natural zeolite in different doses from 0.01% to 0.1% and from 1% to 4% [3, 5, 22, 23] . Until now a dose of zeolite has not been recommended as having the best influence on the morphology of the gastrointestinal tract and a better utilization of feed nutrients. Some studies have been designed to analyze its effects with its different doses on the morphometry of the intestines in broiler chickens [19, 24] . The jejunum is considered to be the place where most of the digestive and absorptive processes occur in the small intestine [25] . Zeolite supplementation diets have exerted beneficial effects in the gut and the jejunum mucosa and significantly increased the activity of digestive enzymes in the small intestines of broiler chickens [21, 26, 27] . Longer retention times, a slower passage of feed through the gastrointestinal tract, and an increase in the microbial activity of the small intestine could lead to the better utilization of nutrients [6] . The concentration of supplemented zeolite in the diet of animals could be an important factors affecting zeolite performance in animals [28] . According to the results obtained from this study, we have concluded that supplementation of zeolite (2% and 3%) is able to cause alterations in villus height, villus width, number of villi per 1 cm, villus perimeter, villus section area, crypt depth, number of crypts per 1 cm and mucosa thickness in the distal parts (medium, distal jejunum) of small intestine and ileum. Intestinal morphology can reveal some information regarding gut health [5] . Morphological changes at the level of the epithelial cells might be attributed to villus function [29] [30] [31] . Hypertrophy of the intestine villi and epithelial cells lead to an increase in intestinal absorption [32] . Villus height and crypt depth are the direct representations of the condition of intestinal functional. Short villi were accompanied by a reduction in surface area of the villi [32] , resulting in reduced absorption. The shorter villi corresponded to a reduction in the activities of enzymes, and might be activated by feeding zeolite [33] . In our experiment, a significant decrease (villus height, villus width, villus perimeter, villus section area) was observed in the duodenum and proximal jejunum.
The small intestine is one of the most important sites for nutrient absorption. Longer villi result in an increased surface area, and a greater capacity for absorption of available nutrients [34] . Long villi have been reported to have contributed to increased body weight gain in chickens [35, 36] and piglets [33] . Greater villus heights in the jejunum mucosa indicate that the function of the intestinal villi has increased. In this study an increase has been observed (villus height, villus width, villus perimeter, villus section area, crypt depth and mucosa thickness) in the medium and distal part of jejunum and ileum after supplementation with 2% and 3% of zeolite. The mechanism is not clear, but orally ingested zeolite in female broilers seem to indirectly rather then directly mediate the growth of the distal small intestine; these results are in agreement with the findings of Vitorovic et al. [37] . These authors suggest that zeolite can stimulate the villi of the small intestine. Increased villus size was associated with activated cell proliferation in the crypts [36] . Long villi indicate a faster multiplication of the crypt cells, and greater villus height are indicators that the function of the intestinal villi is activated [38] . Literature related to this subject suggests that zeolite has cavities in its crystal structure [39] and that these functions of zeolite might induce hypertrophied intestinal villi [5, 40, 41] . The villus height to crypt depth ratio is considered to be an important criterion for estimating the digestive capacity of the small intestine; and the absorptive function might be reflected by the villus height to crypt depth ratio in the small intestine [26] . It may even be used as an indicator of intestinal health [23, 40] . The gut surface area affects the utilization of dietary nutrients in animals, and the surface area of the epithelium is determined by villus height and crypt depth [42] . The crypt can be regarded as the villus factory; thus a large crypt can indicate fast tissue turnover and a high demand for new tissue.
The results of our research have demonstrated an increase in crypt depth in female broiler chickens after dietary supplementation of 2% and 3% of zeolite. It has been reported, that and the performance and body weight gain of broiler chickens were significantly increased after zeolite. The study has proved that zeolite significantly increased the average villi height in female broiler chickens in the medial and distal parts of the jejunum and ileum. It has been stated that villi height and villus area increased after the administration of zeolite in chickens [43] . Zeolite mechanically stimulates blood perfusion to the intestinal mucosa, leading to the increase in gastrointestinal tract mucosa coverage, villi height and the depth of crypts [5] . As nutrients, electrolytes and water are absorbed in the small intestine through villi and crypts, thus any change in villi height and depth of the crypts will affect digestion and absorption output [40] . The condition of the intestinal villi is a reliable indicator of nutrient absorption from feed in chickens [23] and pigs [44] , and there is a positive correlation between intestinal villus size and villus height [5] . As far as the positive effects on the performance and the morphology of the small intestine are concerned, there are reports claiming that zeolite is effective in enhancing the prevention of some diseases [19] .
In this study, we have observed a significant decrease in the average villi height in the beginning of the small intestine in female broilers that received a diet containing zeolite. Results opposite to this have been found in different sources. Dose-dependent effects on the intestinal mucosa have been reported by the administration of different levels of zeolite in poultry. The beneficial or adverse effect of zeolite depends on the age and sex of the animals [5, 31] . In this study, there has been a significant improvement in the average of most parameters in the medial and distal jejunum and ileum of the small intestine after supplementation with zeolite in female broiler chicken. Increased intestinal villi height provides a greater surface area for nutrient absorption [5] . It has been reported that zeolite promotes feed retention time in the gastrointestinal tract of chickens; thus, nutrients are exposed to extended enzymatic action, which improves the digestibility of certain nutrients. Increased intestinal villi height and depth of the crypts are associated with cell mitosis, and the amplification and activation of intestinal villi [5] . These results are in agreement with previous findings reported by Incharoen et al. [40] . The correlation coefficients of the feed conversion ratio and most of the parameters were in the mid and distal jejunum and ileal segments, respectively, indicating that an increase of the parameters in this part of the small intestine leads to an increase in the feed conversion ratio. The reason for this condition seems to be the fact that increased villous length, crypt depth, and mucosa thickness means that more energy and nutrients would be required for faster turnover of the gut mucosa. Providing the extra nutrients for a higher mucosal growth can result in a reduction of the energy supply necessary for growth. These studies contain a comprehensive analysis of a large amount of morphological parameters and indicators that show the dynamics of changes in the gut when the diet is supplemented by Transcarpathian zeolite.
CONCLUSIONS AND APPLICATIONS
1. This histological study has demonstrated that supplementation of the diet with 2% and 3% zeolite improves the growth and intestinal morphology of female broilers. After the administration of zeolite have been detected the morphological changes (greater villus heights, villus width, villus perimeter and villus section area, crypt depth and mucosa thickness) in the mid and distal jejunum and ileum in female broilers. 2. This improvement has been provoked increasing the secretion of digestive enzymes (data unpublished), enhancing the digestibility of nutrients, and promoting the intestinal health of female broilers. 3. These results suggest that dietary zeolite can be used as a natural feed additive to stimulate morphological changes in the intestinal villi, improving intestinal function as an effective addition to the diets of broiler chickens. Further research is needed to elucidate the direct effects of zeolite on the morphology and physiology of the small intestine in poultry.
